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INTRODUCTION
As a class of materials, Solid Polymer Electrolytes (SPEs)
are relatively young, with a substantial portion of the
advances taking place over the last 15 to 20 years. These
materials conduct current via the motion of a solvated ionic
species, the charge carrier, through a solid polymer
medium, the host1"3. The exact nature of the interaction
between solvated ions and the polymer host is not
understood3. It is known that cations form coordinate
bonds with the polymer, and that these act as transient
crosslinks, limiting polymer mobility and thereby increasing
Tg. But a range of other interactions between anion, cation
and polymer are also possible, and the extent to which
these influence the properties of the SPE is merely
conjecture1-3'4-5. In addition, the popular use of low
molecular weight diluents in an effort to enhance polymer
mobility has added a further dimension to this problem67.
Elucidating the nature of the polymer-cation-anion
interactions is of primary concern to all researchers in this
field.
Multinuclear Solid State NMR is a tool which allows
investigation of the dynamics of relaxation of specific ionic
species within the SPE4-7-8. Measurement of the Tj
relaxation process for both the 7Li and 19F nuclei has
provided some insight into the effects that salt concentration
and plasticiser addition have on the environment of the
cation and the Triflate anion. Further, Pulsed Field
Gradient (PFG) NMR for the 19F species has allowed
measurement of the diffusion coefficient (</)) for the Triflate
anion as a function of temperature - <Z> being related to
conductivity via the Nernst-Einstein equation.
EXPERIMENTAL METHOD
A 5000 molecular weight trifunctional polyethylene glycol
(3PEG5OOO), and two suitable salts. LiCF3SO3 and
LiClO4, were dried under vacuum at 60°C for 72 hours to
remove all moisture. Tetraglyme (a low molecular weight
polyether analogue) was vacuum distilled. Samples
containing varying molal (m) concentrations (mole kg"*) of
salt and plasticiser were crosslinked using hexamethylene
diisocyanate to produce a fully networked SPE. Tj
measurements over a range of temperatures were made for
the 7Li nuclei on a Broker CPX series spectrometer at a
frequency of 29.86 MHz. using the inversion-recovery
method. Tj and <Z) measurements for the *9F nuclei were
made using an inversion-recovery and 90°-T-180° pulse
sequence respectively on a homebuilt spectrometer
operating at 13.65 MHz.
RESULTS AND DISCUSSION
It is well known that the cations in a SPE form transient
crosslinks both inter- and intra-molecularly. It is not known
which of these forms is prevalent, but the end result is
reduction of the polymer mobility, and consequently,
hindrance of the conductivity process. An understanding of
the cationic environment is essential to understanding the
mechanisms of interaction. Figure 1 shows the Tj
125
100-
75-
50-
25-
V
22.22 kJ mol-i
10.24 Id moH 18.77 UmoH
/ 25 70 kJ m ol-i
1 \
26.71 kJmol-i
i
0.1m LC1O4
1.0m LiCKD4
1.5m LC1O4
3 0 3.5
1000 K/T
4.0
Figure 1 : T, plotted against 1000K/T for
samples containing 0.1, 1.0 and 1.5m lithium
perchlorate salt, with A E* for samples included
where possible (sight lines placed for
convenience)
relaxation process for 'Li as a function of temperature
and salt concentration. With increasing salt concentration
there is an upward shift in the value of Tj at the minimum.
Previous work has provided evidence that the relaxation
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mechanism for ^Li involves an interaction with the polymer
chain. The upward shift in the minimum is therefore
consistent with a reduced interaction between cation and
polymer, and previously observed increases in the level of
ion aggregation as salt concentration increases6.
Increasing salt concentration also produces a shift in the
position of the Tj minimum to higher temperatures,
indicating a decreasing mobility of the Li as salt
concentration increases. When plotted against reduced
temperature (T-Tg), the shift seems to be consistent with the
change in T~ for the 0.1m and 1 Om samples. For the 1.5m
sample, however, the minimum occurs at lower values of T-
Tg, consistent with an inherently more mobile ^Li nuclei
As in Figure 1 above, this may be explained by the presence
of a cation that is less strongly bound to the polymer.
Activation Energies (AE^) calculated from the relaxation
data are shown in Figure 1. Where possible, AE^ were
determined for both the low and high temperature portions
of the relaxation curves. BPP theory predicts a symmetrical
Tj relaxation curve, built on the assumption of a single
correlation time (xc). In reality, it is unlikely that a single x
c exists. The Cole-Davidson theory models the effect of a
distribution of xc, predicting no affect on the motionally
narrowed region of the relaxation curve, but a diminished
slope for the low temperature portion of the curve9. AE^
calculated for the low temperature portions of Figure 1 are
consistently smaller than those calculated for the motionally
narrowed regime, suggesting that in all of our samples the
'Li nuclei experience a range of environments The AF.^
from conductivity measurements, included in Figure 1 for
comparison, are considerable larger than those from the ^Li
NMR relaxation measurements This is not surprising
given that conduction is a long range phenomenon
involving not only cations, but anions and aggregates
Figure 2 shows Ti measurements made for two 1.0m
L1CIO4 samples, one of which contains 30 \vt% tetraglyme.
There is a shift in the minimum to lower temperatures upon
addition of plasticiser, consistent with the plasticising effect
There is also an increase in the value of the Tj minimum
with addition of tetraglyme. It is thought that low
molecular weight tetraglyme, which has a dielectric
constant similar to that of the polymer host itself, will be a
poor solvator. The upward shift in the minimum is only
slight, suggesting that addition of tetraglyme may cause a
small increase in the level of aggregation, but not a
significant one. The fact that the shift in the temperature
position of the minimum seems consistent with the change
in Tg also precludes any large changes in the level of
aggregation, which would be expected to cause changes in
the mobility of the 7Li unrelated to T g decreases A
comparison of activation energies shows higher values for
the sample containing tetraglyme
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Figure 2 : T] against reciprocal temperature for a
1.0m lithium peri hi orate sample with and without
tetraglyme.
Calculation of <Z) for the triflate anion (^F) in a 1.0m
L1CF3SO3 containing 50wt% tetraglyme revealed a value of
2.71x10"* * m2 sec"1 - comparable to values calculated by
other investigators1011 (3.16xl0~'2 m2sec"l for PF5" in
oxymethylene-linked PEO with an ethylene oxide to anion
ratio of 20:1, and 9.5X10"11 m2sec'1 for CF3SO3- in PEG
(mw 400) with an ethylene oxide to anion ratio of 10:1).
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